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Lubricant  Traction  Measuring  Device  (Traction  Rig)  in  the 
AFWAL  Materials  Laboratory  (AFWAV**LBT)^was  designed  and  manufac¬ 
tured  by  Shaker  Research  Corporation^  Ballston  Lake,  New  York  under 
Air  Force  Contract  F33615-79C-5051.  The  description  of  the 
original  design  can  be  found  in  R.  L.  Smith's  "Development  of  a 
Lubricant  Traction  Measuring  Device,"  AFWAL-TR-81-4102 ,  Materials 
Laboratory,  Air  Force  Wright  Aeronautical  Laboratories,  Wright- 
Patterson  Air  Force  Base,  Ohio,  September,  1981. 

In  the  original  design,  the  operation  of  the  traction  rig  was 
primarily  manual  with  provisions  for  automatic  data  logging  but 
without  anticipating  and  traction  rig  operation  was  completely 
automated  and  computer i zed *  by  the  University  of  Dayton  Research 
Institute  under  the  Air  Force  contract  No.  F33615-82-C-5019 .  The 
detailed  description  of  these  systems  are  listed  in  UDR-TR-84-19 , 
dated  1  December  1983. 

Other  modifications  made  to  the  original  equipment  are  listed 
in  Bruce  Schreiber's  "Traction  Rig  Operation/Modifications/ 
Specification,"  University  of  Dayton  Research  Institute,  Dayton, 
Ohio  report  #UDR-TR-83-125 ,  October  1983. 

Mechanical  difficulties  were  also  encountered  during  operation 
of  the  traction  rig.  Original  torque  sensor  (0-100  in-lb)  was 
replaced  with  a  150-in-oz  capacity  torque  sensor  to  improve  ac¬ 
curacy  of  measurements.  Gear  coupling  connecting  the  translating 
spindle  and  the  transmission  failed  due  to  excessive  misalignment 
and  had  to  be  replaced.  The  above  changes  took  place  before 
October  1983. 

The  purpose  of  this  document  is  to  record  the  mechanical 
problems  faced  in  operation  of  the  traction  rig  from  October  1983 
to  April  1984  and  the  modification  carried  out  to  solve  them. 
Calibration  of  disc  load  versus  the  applied  load  is  also  reported. 


2.0 


Traction  Rig  is  designed  around  the  use  of  two  independently 
driven  crowned  cylinderical  discs  to  inpinging  parallel  spin  axis, 
as  shown  schematically  in  Figure  2.1. 

A  plan  view  of  traction  apparatus  is  shown  in  Figure  2.2. 
Photographs  of  the  traction  rig  are  shown  in  Figure  2.3a  and  2.3b. 
The  basic  mechanical  apparatus  consists  of  the  following: 


a. 

Two  Spindles  for  Mounting  Test  Discs 

Item 

#4  in  Figure  2.2 

(Figure  2.4) 

b. 

Two  Test  Discs 

Item 

*24 

in  Figure  2.4 

c. 

One  Pneumatic  Loading  Mechanism 

Item 

#61 

in  Figure  2.2 

d. 

One  Applied  Load  Sensor 

Item 

#63 

in  Figure  2.2 

e. 

One  Torque  Sensor 

Item 

#62 

in  Figure  2.2 

f . 

Two  Drive  Transmissions  with  Motors 

g. 

Gear  Coupling  Connecting  Spindle 
to  transmission 

Item 

#15 

in  Figure  2 . 2 

Assembly  drawing  of  spindles  is  shown  in  Figure  2.4.  Spindle 
G2  is  fixed  whereas  spindle  G1  can  translate  horizontally  on  linear 
ball  bushings  and  guide  shafts  (Items  30  and  31/Figure  2.2)  and 
provides  the  desired  normal  load  via  the  pneumatic  loading  system. 
The  spindle  is  connected  to  the  drive  transmission  through  a  gear 
coupling.  (Item  15,  Figure  2.2) 

A  peristaltic-type  variable  speed  pump  is  used  to  circulate 
the  lubricant  between  the  test  enclosure  bottom  and  the  inlet  to 
test  discs.  A  heating  element  wrapped  around  the  lubricant  inlet 
tubing  maintains  the  lubricant  ' ilet  temperature. 
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Photograph  of  Traction  Rig  Apparatus. 


Figure 


3.0 


The  problems  encountered  with  the  traction  equipment,  their 
analysis,  and  modifications  made  to  solve  them  are  listed  in 
detail . 

3.1  Torque  Sensor  Male  Spline 

Torque  sensor  bracket  assembly  is  shown  in  Figure  3.1.  A 
#  6-32,  0.18-inch-long  set  screw  (Item  10)  holds  the  male  spline 
(Item  A)  onto  the  torque  sensor  shaft.  The  set  screw  came  loose 
causing  excessive  play  between  torque  sensor  shaft  and  the  male 
spline. 

The  set  screw  was  tightened  after  applying  Loctite  290  to 
its  threads. 

3.2  Test  Disc  Retaining  Nut  Failure 

3.2.1  Failure 

Figure  3.2  shows  the  arrangement  used  for  mounting 
the  test  disc  onto  the  translating  spindle.  Similar  arrangement  is 
used  for  the  fixed  spindle  except  that  the  spacer  is  not  used. 

Note  that  Figure  2.4  does  not  show  the  actual  mounting  arrangement 
used.  The  original  Retaining  Nut  is  shown  in  Figure  3.3  and  Figure 
3.4  shows  the  Modified  Retaining  Nut. 

During  one  of  the  experiments,  the  Retaining  Nut  on  the 
Translating  Spindle  came  loose,  causing  excessive  chattering  noise. 
The  test  was  discontinued  and  the  following  damage  was  noticed. 

(1)  Helicoil  threads  in  the  Retaining  Nut  (Figure  3.3) 
on  the  Translating  Spindle  and  Fixed  Spindle  damage. 

(2)  Both  test  discs  (52100  steel,  35"  crown  radius, 
1.125"  dia.,  0.500"  thick)  showed  tremendous  amounts  of  wear. 

(3)  Plasma  spray  on  Translating  spindle  (Figure  3.5) 
chipped  off  at  some  places,  along  with  some  scratches  due  to  spin¬ 
ning  of  the  test  disc  on  the  spindle. 

(4)  Glass  ceramic  on  the  inboard  solder  ring  was 
damaged.  (Item  1/Figure  3.6) 
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Figure  3.2.  Test  Disc  Mounting  Arrangement. 
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Figure  3.4.  Test  Disc  Retaining  Nut,  Modified. 
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The  following  might  have  caused  the  above  mentioned 


failures. 


(1)  Helicoil  threads  in  the  retaining  nut  on  the  trans¬ 
lating  spindle  were  damaged  due  to  over  tightening,  reduced  thread 
engagement  and  absence  of  any  locking  mechanism. 

Since  no  torgue  wrench  was  used  to  tighten  the 
retaining  nut,  these  could  have  been  easily  overtorgued. 

Recommended  torgue  for  this  helicoil  insert  (per  Helicoil  bulletin 
1000)  is  only  30  in-lb.  The  Tie  bolt  is  made  out  of  4340  Alloy 
Steel  Rc28-32,  for  which  minimum  tensile  strength  is  approximately 
120,000  psi  (Figure  3.2  and  3.7).  Catalog  recommended  torgue  for 
1/4  -  28  threads  for  such  material  is  90  in-lb  (see  Unbrako  Catalog 
page  9) .  A  gross  mismatch  between  the  strengths  of  tie  bolts 
threads  and  the  retaining  nut  threads  is  clearly  evident. 

The  length  of  the  helicoil  insert  in  the  retaining 
nut  should  have  been  1.50  x  diameter  instead  of  hardly  1  x  diameter 
as  designed. 

Thread  engagement  between  the  tie  bold  and  the 
retaining  nut,  on  translating  spindle  was  further  reduced  due  to 
the  use  of  0.056  thick  spacer  (Figure  3.2)  between  the  solder  ring 
and  the  test  disc.  This  spacer  was  used  to  align  the  two  test 
disks  with  each  other.  Moreover,  the  thickness  of  the  spacer 
varied  from  0.056  to  0.0575  which  meant  the  faces  were  not  paral¬ 
lel,  thereby  affecting  the  clamping  of  the  test  disc. 

(2)  Other  damage  listed  in  3.2.1  was  a  result  of 
retaining  nut  failure. 


3.2.3 


icat i ons 


(1)  New  tie  bolt  (Figure  3.7)  was  made  and  in¬ 
stalled  in  the  translating  spindle.  Conducting  wire  (Item  51)  and 
shrink  tubing  (Item  53)  in  Figure  2.4  were  not  installed. 

(2)  New  retaining  nuts  were  made  for  both 
spindles,  using  17-4  PH-H1100  stainless  steel  (Figure  3.4). 


.%  «•« 


v.  v.vlv.v. 


(3)  We  recommend  that  during  mounting  of  retaining 
nut  onto  the  spindle/  the  threads  on  the  tie  bolt  and  retaining  nut 
should  be  thoroughly  cleaned  and  a  drop  of  Loctite  290  be  applied 
to  the  tie  bolt  threads.  The  retaining  nuts  should  be  torgued  to 
80-90  in-lb. 

(4)  To  increase  thread  engagement,  the  0.056- inch 
thick  spacer  was  eliminated.  To  align  the  test  discs,  0.056-inch 
thick  spacers  were  installed  between  translating  spindle  body  and 
support  brackets  (Figure  3.8  and  4.1). 

3 . 3  Translating  Spindle  Support  Mechanism 

The  normal  load  is  applied  to  the  translating  spindle  by 
means  of  pneumatic  loading  mechanism  as  shown  in  Figure  2.2.  The 
applied  load  is  measured  by  load  cell  (Item  63/Figure  2.2).  Under 
ideal  conditions,  all  of  the  applied  load  should  be  transmitted  to 
the  test  discs.  Gear  coupling  (Item  15/Figure  2.2)  should  not 
experience  any  side  load.  Due  to  some  misalignment  between  the 
line  of  application  of  the  load  and  the  point  of  contact  on  the 
test  discs  and  other  unknown  causes  (deflection  of  various  com¬ 
ponents,  etc.)  a  moment  is  created  by  the  applied  load.  To 
counterbalance  this  moment,  a  side  force  and  lateral  misalignment 
is  caused  in  the  gear  coupling.  The  conditions  get  worse  as  the 
load  and  speed  are  increased.  The  excessive  vibrations  and  side 
loads  may  have  been  the  cause  of  a  previous  failure  of  a  gear 
coupling  as  mentioned  in  section  1.0.  With  the  gear  coupling 
disconnected,  an  applied  load  of  150  lbf  created  a  lateral  movement 
of  0.010  inch  at  the  front  guide  bushing  and  0.070  inch  at  the  rear 
guide  bushing  (Figure  3.8). 

Apart  from  affecting  the  mechanical  stability  of  the 
eguipments,  this  setup  created  an  error  in  the  collected  data. 

With  the  gear  coupling  sharing  some  of  the  applied  load,  the  actual 
normal  force  between  the  test  discs  was  NOT  equal  to  the  applied 
load.  So  any  data  collected  under  this  setup  should  be  corrected 
using  the  actual  disc  load  and  not  the  applied  load.  Disc  load 
calibration  was  carried  out  under  this  setup  and  is  reported  in 
section  5.0. 
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To  improve  the  mechanical  stability  of  the  system,  we 
decided  to  restrain  the  lateral  movement  of  the  rear  end  of  the 
spindle.  A  "Holo-krome  two  piece  Clamp  Titew  locking  collar  (1.00- 
in  Bore)  was  used  on  the  rear  guide  shaft  as  shown  in  Figure  4.1. 

To  achieve  repeatability  for  each  new  test  or  a  new  pair  of  test 
discs,  the  following  setup  procedure  was  established. 

o  Remove  the  gear  coupling  (Item  15/Figure  2.2)  from  the 
translating  spindle. 

o  Mount  the  test  discs  on  each  spindle  and  tighten  the 
retaining  nuts  to  80-90  in-lb  after  applying  Loctite  290  to  its 
threads . 

o  Apply  a  normal  load  of  6  lbf  to  the  test  discs,  through 
pneumatic  loading  mechanism. 

o  Adjust  the  length  of  coil  spring  on  the  front  guide  shaft 
to  1.25  in.  as  shown  in  Figure  4.1. 

o  Using  a  dial  indicator  against  the  rear  guide  bushing, 
tighten  the  split  locking  collar,  to  restrain  the  lateral  movement 
of  translating  spindle  at  that  point. 

o  Connect  the  gear  coupling  between  translating  spindle  and 
the  transmission. 

o  Remove  dial  indicator. 

o  Remove  6-lbf  normal  load  from  the  discs. 


Figure  3.8,  Translating  Soindle  Sunnort,  Deflection  Test. 


4.0  DISC  LOAD  CALIBRATION.  REAR  END  OF  TRANSLATING  SPINDLE 

RESTRAINED 

As  discussed  in  section  3.3,  the  normal  load  between  the  test 
discs  is  not  equal  to  the  applied  load.  In  order  to  get  the  actual 
load  experienced  by  the  test  discs,  this  calibration  was  carried 
out.  A  setup  procedure  similar  to  that  described  in  3.3  was  used 
and  gave  good  repeatability.  In  place  of  test  discs,  test  blocks 
SKI  (Figure  4.7)  and  SK2  (Figure  4.8)  were  mounted  on  fixed  spindle 
and  translating  spindle  respectively.  To  measure  disc  load,  a 
'Sensotec'  (Model  13/1161-17  S.  No.  56703)  load  cell  was  placed 
between  the  test  blocks  such  that  similar  sides  of  the  test  blocks 
faced  each  other.  Using  a  spirit  level,  top  faces  of  test  blocks 
SKI  and  SK2  were  made  made  horizontal.  For  this  load  cell,  1  MV  = 
22.31810742  lbf  (Figure  4.9).  Normal  load  (applied  load)  was 
applied  through  the  pneumatic  system  shown  in  Figure  2.2  and 
measured  by  load  cell  (Item  63/Figure  2.2).  Applied  load  values 
were  based  upon  the  calibration  of  this  load  cell  using  50-lbf  and 
100-lbf  dead  weights,  1  lbf  =  0.002485  Volts.  Applied  load  was 
increased  by  increments  of  25  lbf  and  the  disc  load  readings  (from 
Model  13/1161-17)  were  noted.  Due  to  almost  point  loading  between 
the  load  cell  tip  and  test  block  SK2 ,  local  yielding  of  material 
occurred  on  the  test  block,  which  gave  lower  values.  In  subsequent 
loadings  when  the  yielding  of  material  stopped,  the  disc  load  were 
slightly  higher  with  better  repeatability.  So  the  values  of  disc 
load  in  first  data  set  for  each  center  distance  were  not  sued  in 
calibration,  but  are  reported  here  for  record  only.  Data  was  taken 
with  increasing  values  of  load,  as  is  the  case  in  actual  testings. 

To  check  the  repeatability  between  different  setups,  after 
taking  data  under  one  setting,  the  gear  coupling  (Item  15/Figure 
2.2)  and  the  locking  collar  on  rear  guide  shaft  (Figure  4.1)  were 
disassembled.  For  the  next  setting,  complete  setup  procedure  was 
followed. 

Photographs  of  disc  load  calibration  are  shown  in  Figures  4.2 
through  4.5.  Figure  4.6  shows  the  digital  voltmeter  used  to  read 
the  applied  load  values.  Data  were  also  taken  after  varying  the 
center  distance  between  the  spindles,  using  different  sides  of 


the  test  blocks.  Nonimal  gap  between  the  faces  of  test  blocks  was 
0.130  in  (due  to  the  space  occupied  by  disc  load  cell).  Data  were 
taken  with  spindles'  center  distances  of  1.250  in,  1.375  in  and 
1.500  in,  which  was  achieved  by  using  dimensions  (Figure  4.7 

and  4.8)  .560,  .623  and  .685  respectively  on  the  test  blocks  facing 
each  other. 

Face  plate  (Item  3/Figure  4.10)  was  modified  to  change  the 
pilot  bore  dimension  from  3.479  to  3.560  to  eliminate  any  changes 
of  its  interference  with  translating  spindle. 

4 . 1  Calibration.  Gear  Coupling  and  Face  Plate  Removed 

For  this  calibration,  gear  coupling  (Item  15/Figure  2.2) 
and  face  plate  (Item  3/Figure  4.10)  were  removed  from  the  translat¬ 
ing  spindle. 

4 . 2  Calibration.  Gear  Coupling  and  Face  Plate  Attached 

For  this  calibration,  the  face  plate  (Item  3/Figure  4.10) 
was  attached  to  the  translating  spindle.  Gear  coupling  (Item 
15/Figure  2.2)  was  also  connected  between  the  spindle  and  the 
transmission.  This  setup  completely  simulates  the  actual  testing 
conditions. 

The  data  fitted  to  a  straight  line  that  gave 
Disc  Load  =  .695  APPLIED  LOAD. 

A  plot  of  disc  load  versus  the  applied  load  is  shown  in 
Figure  4.11. 
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rOBCB  TRANSDUCER  CALIBRATION  RECORD 


Type:  Coapresaion 

Tana ion  _ 

Modal  Ho.  '3/ /C./  7 

Sarlal  Mo.  lS’Cr'703 
Capacity  ~  3 OO  <t- 

Data  //-  2S  -  So 


Excitation  (Input)  Volta  ^  O _  DC 

Coa^enaated  Temperature  Ban gas 

&0  *P  to  /(rO  *P 


Capacity: 

0*  of  Capacity 

Aacanding  50*  * 

100*  • 

Deacending  50*  * 

0*  • 

Output: 

& 

Killivolta 

G>.  7i.  / 

/3  ‘/(so 

_ ^  ZUi* _ 

0 

Millivolte 

Killivolta 

Killivolta 

Killivolta 

Reaiatanca: 

Input  “  ds"^>  Ohjna 

Connector  Type  //4 

Non-Standard  Standard 

Output  ■  35*2_  Ohaa 

Input: 

♦  A  4  B 
-  C  t  D 

Leakage  •  Ohaa 

Output 

:  -  E 

♦  r 

Mating  Couna'etor  _ 

Shunt  Reeiator  Value  of  S^/T  Ohas  Acroaa 
^J*/Ct£r/  f  *7-  </ £13  Millivolte  Output 

Signed  _ 


Miring 


•  Mhite  •  *  Output 

•  Red  ”  ♦  Input 

•  Green  •  -  Output 

•  Black  ■  -  Input 


Fiqure  4.9.  Disc  Load  Cell  Calibration. 
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TRACTION  RIG  DISC  LOAD  CALIBRATION 


APPLIED  LOAD  CLBF) 

Notes:  1.  Gear  Coupling  and  Face  Plate  Connected. 

2.  Rear  End  of  Translating  Spindle  Restrained 
With  Lockina  Collar. 


Figure  4.11.  Calibration  Curve,  Rear  Fnd  of  Translatina  Snindle 
Restrained . 
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This  calibration  was  carried  out  to  provide  a  correction 
factor  for  the  disc  load  for  all  the  tests  conducted  before  April 
1984. 

We  used  the  procedure  described  in  4.0  except  that  rear  end  of 
translating  spindle  was  NOT  restrained  by  the  use  of  split  locking 
collar  on  the  rear  guide  shaft.  (Figure  4.1) 

A  normal  load  of  6  lbf  was  applied  to  the  translating  spindle 
through  the  pneumatic  system  (Item  61/Figure  2.2).  Transmission 
mount  (Item  42/Figure  2.2)  was  moved  to  align  the  gear  coupling 
(Item  15/Figure  2.2)  and  then  locked  in  place.  Another  set  of  data 
was  taken  by  aligning  the  gear  coupling  under  20-lbf  normal  load. 

Lateral  movement  of  translating  spindle,  at  the  rear  guide 
bushing,  was  also  recorded  to  estimate  the  horizontal  misalignment 
created  in  the  gear  coupling  because  of  applied  load. 

The  plots  of  disc  load  and  the  spindle  movement  are  shown  in 
Figure  5.1. 
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